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The aim of this study was to compare the expression of oxacillin resistance in methicillin-
resistant Staphylococcus aureus (MRSA) on Paper Disc Method agar supplemented with
5% defibrinated blood (PDM blood agar) and Mueller–Hinton agar supplemented with
2% NaCl (MH NaCl agar) using different susceptibility tests. Fifty mecA-containing
isolates of S. aureus, exhibiting 46 different pulsed-field gel electrophoresis patterns, were
comparatively tested using the E test, the single disk diffusion test, and the multipoint
inoculation technique, under various culture conditions. The E test incubated at 35 8C for
24 h (breakpoint of resistance 2.0 mg/L) detected 94% of the isolates on MH NaCl agar,
compared with 28% for PDM blood agar (P< 0.05). The disk diffusion test (breakpoint
10 mm in diameter) under these incubation conditions detected resistance in 100% of
the isolates on MH NaCl agar and in 80% of the isolates on PDM blood agar (P< 0.05). The
multipoint technique (breakpoint 1 mg/L), applied at 35 8C for 24 h, detected 100% on
MH NaCl agar and 46% on PDM blood agar (P< 0.05). Irrespective of the method of
susceptibility testing evaluated, MH NaCl agar was superior to PDM blood agar for the
detection of oxacillin resistance in mecA-containing S. aureus.
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Today, demonstration of the mecA gene is consid-
ered to be the standard for the determination of
methicillin-resistant Staphylococcus aureus (MRSA)
[1]. Since this method is laborious and costly, it is
seldom used as a screening method for detection of
MRSA in clinical laboratories. Many studies have
evaluated the sensitivity of different culture media
and methods for the primary phenotypic detection
of MRSA [2–5]. The heterogeneous expression of
methicillin resistance is an inherent limitation to
the accuracy of susceptibility tests [1,4]. At present,
Mueller–Hinton II agar is recommended by the
National Committee for Clinical Laboratory Stan-
dards (NCCLS) [5], while Paper Disc Method agar
supplemented with 5% blood (PDM blood agar) is
one of the media recommended by The Swedish
Reference Group of Antibiotics for disk testing
(SRGA, http://www.srga.org/).
The aim of this study was to compare the
expression of oxacillin resistance in MRSA on
PDM blood agar and MH NaCl agar using the E
test, the single disk diffusion test and the multi-
point inoculation technique under various culture
conditions.
Fifty MRSA isolates (mecA positive, nuc posi-
tive), obtained from Sweden and different Eur-
opean locations, with variable pulsed-field gel
electrophoresis (PFGE) patterns as well as mini-
mum inhibitory concentrations (MICs) for oxacil-
lin, were examined. The bacterial isolates were
stored at 70 8C. The isolates were classified as
S. aureus by standard methods, and the presence of
the mecA and nuc genes was evaluated by the PCR
technique [6,7]. PFGE analysis was performed as
previously described [8]. Plastic Petri dishes with a
diameter of 9 cm were filled with 25 mL of PDM
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agar (Biodisk, Solna, Sweden) supplemented with
5% defibrinated horse blood (Swedish University of
Agricultural Science, Uppsala, Sweden) or Mueller–
Hinton II agar (Becton Dickinson, Cockeysville,
MD, USA) supplemented with 2% NaCl (MH
NaCl agar). Isolated colonies were suspended in
0.1 M phosphate-buffered saline to a final turbidity
of the 0.5 McFarland BaSO4 standard (A520¼ 0.18),
corresponding to 1 108 CFU/mL. All agar plates
were evaluated and inspected with a 6.4 micro-
scope (Wild M38, Herrbrugg, Switzerland) after
24 h and 48 h of incubation at either 30 8C or 35 8C.
S. aureus (ATCC 25923) was used as a control.
The E test was evaluated as recommended by
the manufacturer (Biodisk). Growth inhibition
zones (diameter) for the disk diffusion tests were
expressed in millimeters. Multipoint inoculation
was performed as previously described [9]. Bac-
teria were inoculated on agar plates supplemented
with 0.25 mg/L, 0.5 mg/L, 1.0 mg/L or 2.0 mg/L
oxacillin by 25 replicating pins (pin diameter
3 mm) in a configuration corresponding to the
wells. Chi-square tests with Yates correction and
Fisher’s exact test were used for comparison of
detection rates between the two media. A P-value
of <0.05 was considered significant.
The PFGE analyses identified 46 different PFGE
DNA patterns among the 50 isolates tested. There
were four clones that each contained two isolates
with identical DNA patterns. The MICs, as deter-
mined by the E test, varied for the same isolate
from <0.125 mg/L to >64 mg/L, depending on
the culture media and culture conditions used.
After 24 h of incubation, an identical MIC was
found on both MH NaCl agar (35 8C) and PDM
blood agar (30 8C) for 13 of the isolates (26%). The
remaining isolates all had higher MICs on MH
NaCl agar compared with PDM blood agar.
Applying the E test and with a breakpoint for
resistance defined as 2 mg/L, 94% and 100% of
the isolates expressed resistance when incubated
on MH NaCl agar for 24 h and 48 h, respectively
(Table 1). Significantly lower detection rates (rang-
ing from 28% to 76%) were found when this test
was applied on PDM blood agar under varying
culture conditions (Table 1).
When the breakpoint of resistance was defined
as a growth inhibition zone diameter of 10 mm
for the disk diffusion test, all isolates were detected
as resistant after incubation for 24 h at 35 8C on MH
NaCl agar, compared with 80% (P< 0.05) when
inoculated on PDM blood agar (Table 1). After 48 h
of incubation, all isolates were classified as resis-
tant on both media.
Results obtained with the multipoint techni-
que are shown in Table 1. All isolates expressed
Table 1 Oxacillin resistance rates (%) in 50 isolates of MRSA obtained with the E test, disk diffusion test (disk) and
multipoint inoculation technique (multipoint) in relation to time and temperature of incubation on MH NaCl agar or PDM
blood agar
Time of incubation culture medium/temperature of incubation
























E test 0.5 mg/L 100 96 88 100 100 100
1.0 mg/L 100a 56 58 100a 76 88
2.0 mg/Lb 94a 28 32 100a 58 76
4.0 mg/Lc 84a 16 26 100a 42 62
Disk 9 mmb 100a 80 68 100 88 100
10 mmc 100a 80 70 100 98 100
12 mmd 100a 80 70 100 98 100
13 mme 100 84 72 100 100 100
Multipoint 0.5 mg/L 100a 70 70 100a 74 86
1.0 mg/L 100a 46 34 100a 58 48
2.0 mg/L 90a 16 22 100a 16 46
aDenotes statistical significance (P< 0.05) for comparison of results for MH NaCl agar and PDM blood agar using identical
culture conditions. bRecommended breakpoint of resistance according to the SRGA. cRecommended breakpoint of
resistance according to the NCCLS. dRecommended breakpoint of susceptibility according to the SRGA. eRecommended
breakpoint of susceptibility according to the NCCLS.
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resistance after 24 h of incubation at 35 8C on MH
NaCl agar supplemented with 1.0 mg/L of oxa-
cillin. Significantly lower detection rates (ranging
from 34% to 58%) were found when this test was
applied on PDM blood agar under varying culture
conditions.
Comparing incubation at 30 8C and 35 8C on
PDM blood agar, we found similar detection rates
except when evaluating the multipoint test on agar
supplemented with 2.0 mg/L oxacillin. Here a
significantly higher rate was found after incuba-
tion for 48 h at 30 8C (Table 1).
Expression of oxacillin resistance varied sub-
stantially between MH NaCl agar and PDM blood
agar (Table 2). Of the 50 isolates of MRSA, only 13
isolates (26%) expressed an identical MIC on both
media (Table 2).
The present study indicates that MH NaCl agar
is better than PDM blood agar for accurate detec-
tion of oxacillin resistance among different clones
of MRSA with various MICs for oxacillin. When
cultured on MH NaCl agar, all isolates expressed
resistance after 24 h of incubation at 35 8C with
either the single disk diffusion test or the multi-
point inoculation technique, with breakpoints of
resistance defined as 1 mg/L for oxacillin or a
growth inhibition zone of 10 mm. The detection
rates were generally lower when PDM blood agar
was used as the culture medium. MH NaCl agar
also seems preferable to PDM blood agar for the
detection of mecA-positive coagulase-negative sta-
phylococci [10]. It should be noted that the speci-
ficity of the tests for the detection of MRSA was not
evaluated in the present study.
The MICs of oxacillin, determined with the E
test, differed significantly between the two media
for the majority of isolates. Heterogeneous expres-
sion of oxacillin resistance varies with culture
conditions, and in the present study this occurred
more often when strains were cultured on PDM
blood agar than when they were cultured on MH
NaCl agar. These discrepancies in outcome
between the two media may in part be related
to the higher sodium chloride content in the MH
NaCl agar compared with PDM blood agar, which
contains less than 0.2% NaCl. Sodium chloride
concentrations ranging from 2% to 4% are known
to enhance the expression of methicillin resistance
in heterogeneous strains of S. aureus [4,11,12], and
MH NaCl agar is recommended when performing
the E test [11].
Intrinsic resistance to b-lactam antibiotics in
clinical strains of S. aureus is often heterogeneous
in character, being expressed by a minority of cells
at 35 8C, but uniformly by the entire population in
hypertonic media or at 30 8C [4,13]. Thus it is
recommended that susceptibility testing of staphy-
lococci on PDM blood agar should be performed at
an incubation temperature of 30 8C (SRGA). How-
ever, we found no difference in the outcome
between incubation temperatures of 30 8C and
35 8C for PDM blood agar using the E test or the
disk diffusion test.
Our results indicate that the multipoint inocu-
lation technique is a reliable and accurate method
for screening of MRSA, especially when performed
on MH NaCl agar supplemented with 1.0 mg/L
oxacillin after incubation at 35 8C. Under these
circumstances, all MRSA isolates were detected
as oxacillin resistant within 24 h. With PDM blood
agar, this method proved inaccurate and is thus
not recommended for screening of MRSA.
In conclusion, the present study shows that MH
NaCl agar is better than PDM blood agar for
Table 2 Comparison of the minimum inhibitory concentrations (MICs) of oxacillin for 50 MRSA isolates as determined by


























>64 17 10 1 3 1 2
32 to <64 3 1 1 1
16 to <32 11 1 2 4 4
8 to <16 3 1 1 1
4 to <8 8 2 4 2
2 to <4 5 2 3
1 to <2 3 2 1
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oxacillin susceptibility testing and phenotypic
detection of oxacillin resistance among S. aureus
strains that carry mecA. Furthermore, we found
that MH NaCl agar, in both the single disk diffu-
sion test and the multipoint inoculation technique,
predicted the presence of the mecA gene with high
accuracy.
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